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Foreword

It is very worrying to wake up to the news of environmental degradation, climate
change, and animal extinctions around the world, almost every day. Then again,
there is some consolation in the fact that we are in Bhutan, the nation that strove to
safeguard its remarkable biodiversity and stood up to minimizing climate change in
its humble ways. And as a country that has its culture and practices entwined with
Buddhist principles, it has endeavored to transform its wilderness into homes for all
animals and species.

Blessed by the profound visionary monarchs and their leaderships, Bhutan has
never faltered in environment conservation efforts and remains the only carbon-
negative country in the world. However, it is referred to as one of the 36 global
hotspots of biological diversity, in other words, a nation within an Eastern Himalayan
region that contains an enormous amount of biodiversity at risk.

Any consolations for Bhutan are short-lived, as reality dawns that this planet is a
precious home for every being, not just limited to humans. Greenhouse gas emis-
sions obviously transcend political boundaries, challenging the conservation poli-
cies and sincere efforts of any particular nation.

We are also learning of the mass extinction of species globally, occurring at an
unprecedented rate. Scientific consortia within the United Nations are predicting
that over one million species could be exterminated by the end of this century, if
not sooner.

What’s worse? These are all human induced, posing the greatest threats of all
times to the present and future generations of most documented organisms, from
pollinators to large mammals.
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viii Foreword

As a medical practitioner who insists on timely action on the part of the patient
to prevent persistent illnesses, I can totally echo the sentiments and concerns of
scientists in different institutes around the world, calling upon governments to come
to the rescue of such biocultural heritage.

It is also painful to learn that efforts to respond to such taxonomic complexity, be
it for conservation biologists or governments, are further hampered by the persistent
absence of information.

The story is the same for Bhutan. As the authors of this study reveal, we know
very little about most species like the rare fungi, freshwater fish, butterflies, and
parasites that are crucial to the well-being of healthy ecosystems.

As Bhutan cautiously follows the principles of Gross National Happiness (GNH)
and treads toward sustainable development goals, conservation of environment is
one of the main building blocks. It is imperative that a clear scientific understanding
is required to “diagnose” the ecological health and “prescribe” preventive remedies
and solutions to the challenges.

This is why I welcome the efforts of Dr. Tshewang, Ms. Morrison, and Dr.
Tobias — and the many Bhutanese scientific colleagues and technical experts who
have generously assisted them — in coming out with a publication of such impor-
tance and relevance.

The publication is ecologically provocative and revealing for the government.
Through an extensive review of the scientific and anthropological literature, seizing
upon so-called gap analyses, they have set forth timely recommendations for con-
servation policies, strategies, and actions.

The book provides technical and deeply considered assessments of the state of
Bhutan’s environment, its multiple, human-induced stressors and pressures, as well
as extremely sound, practical techniques that would address conservation strategies
in the Himalayas and, by implication, worldwide.

In any given ecosystem, every single species of animal or plant is a vital member
of such communities. It is an important component in the “fabric” of life. Therefore,
safeguarding the natural environment is everybody’s responsibility — at all levels of
society.

This book is one classic example of the contribution to conservation biology by
a private consultancy firm and a nongovernmental organization. I offer my heartfelt

appreciation.

HE Lyonchen (Dr.) Lotay Tshering
Prime Minister
Royal Government of Bhutan



Preface

Fostered and guided by the visionary policies of the enlightened monarchs and
Buddhist perspectives, Bhutan emerged into the twenty-first century as one of the
world’s most conservation-driven, habitat-protected nations in the world. Yet,
Bhutan is witnessing unprecedented climate change, with a mean temperature
increase of 1.3 °C over the last two decades, as reported by the authors of this book.
In fact, the whole world is witnessing record-breaking weather patterns every year —
and such trajectories of global warming trends do not bode well for a sustainable
future, unless we change its course while implementing mitigation, adaptation, and
resiliency protocols. Moreover, Bhutan now finds itself right in the center of one of
the world’s 36 terrestrial global hotspots of biological diversity, the “Himalayan”
hotspot, abutting up against the Indo-Burma hotspot. According to the Critical
Ecosystem Partnership Fund, these high-biodiversity hotspots are defined as areas
(amere 2.4% of the Earth’s terrestrial surface area) that “Contain at least 1,500 spe-
cies of vascular plants found nowhere else on Earth (known as "endemic" species)...
[and an area that has] lost at least 70 percent of its primary native vegetation.” It is
in that light that an overall assessment of conservation priorities for Bhutan has
become essential in view of many confronting challenges posed by global warming
and human activities.

As the Royal Government of Bhutan aligns policies, plans, and programs with
responsive measures to resolve the daunting challenges of our times in this time
known by scientists as the Anthropocene, I am glad to note the Bhutanese private
sector and a major US-based nongovernmental organization coming together to
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X Preface

participate in this process. Just 1 year ago, the authors Dr. Tshewang, Ms. Morrison,
and Dr. Tobias consulted me on their proposal to assess the conservation priorities
for Bhutan. Now, this year, I am glad to introduce their book that embraces a holistic
approach to conservation biology including Bhutan’s state of environment and the
various drivers and pressures affecting it. The book encompasses nonviolent
approaches to human-wildlife conflict; Buddhist perspectives in animal protection,
animal rights, and animal liberation; and recommended conservation strategies for
endemic, threatened, and underrepresented species, including valuable material on
the ecological significance of new conservation technologies and the overall and
economic benefits to a variety of stakeholders of conservation in Bhutan.

Thus far, Bhutan’s conservation success has been largely attributed to the pru-
dent policies and management of the country’s extensive protected area network
and biological corridors, with tremendous importance and focus having been placed
upon many charismatic and umbrella species. In their analysis of so-called taxo-
nomic bias, Dr. Tshewang, Ms. Morrison, and Dr. Tobias (who previously joined
forces in their 2018 book, Bionomics in the Dragon Kingdom: Ecology, Economics
and Ethics in Bhutan) examine the conservation status of all known and/or statisti-
cally projected life forms within Bhutan and thereby emphasize the subtle but cru-
cial underpinnings and ecological significance of new conservation strategies yet to
be implemented across whole realms of critically endangered, endangered, endemic,
and underrepresented species in the country.

With striking contemporary relevance, the authors’ assessments include such
heretofore understudied potential ecological benefits of some of the most underrep-
resented or lesser-known species (all exposed to the threats of climate change and
human activities), including microbes, spiders, bats, and bryophytes, each with pro-
found importance to Bhutanese nature, as well as the potential for economic and
human health applications, as in the case of ethically applied (non-inflictive) bio-
medical research.

For Bhutan, food security is one of the most serious threats immediately posed
by the Anthropocene — the massive extinction spasm sweeping the planet, a verita-
ble “epoch” (as geologists, hydrologists, and other scientists think of it), a period of
immense environmental flux and destruction that is in sync with the debilitating
effects of climate change and systemic climate anomalies. The authors recommend
preservation of the genetic resources found in Bhutan, including isolated mainte-
nance in a high-security context of the richly diverse crop seeds and sprouts and
microbial culture, all under temperature conditions equivalent to those found in
permafrost soils within the Himalayan glaciers, for ensuring food security in perpe-
tuity. Bhutan’s wealth represented in the diversity of its crop genetic resources and
soil microflora could be one possible solution to food instability in the face of
unpredictable climate change impacts on agricultural farming in the region. This is
particularly crucial to consider given that the majority of Bhutan’s population is
rural and dependent upon the most mountainous topography of any nation in the
world, with less than 3% of it being arable.

In the conservation world, human-wildlife conflict is a global challenge because
of competition over resources and encroachment into habitats by such species as
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wild boar and elephants. It still remains one of the major concerns of Bhutan’s con-
servation and farming sectors. This essential book provides numerous innovative
and pragmatic techniques including immunocontraceptive techniques for nonvio-
lent dog population control — the resolution of such conflict providing animal rights
and species protection measures within ancient Buddhist perspectives of coexis-
tence. Drawing from the Gross National Happiness philosophy, the authors propose
an animal welfare standard, stipulated by world animal health organizations, that
could be elegantly integrated within Bhutan’s unique biocultural heritage and mea-
sured in a paradigm of the existing Gross National Happiness index — in other
words, the first Gross National Happiness Index for Animals and Plants ever advo-
cated in any country. So noble a concept warrants extensive research for the devel-
opment of indices and practical applications that could further ensure the widespread
promulgation of a Buddhist, nonviolent approach to nature at every level of human
life throughout Bhutan. But such enaction will also entail a serious commitment
from every juncture of governance, jurisprudence, and the virtuous work of com-
munities, NGOs, and individuals.

This book has the very real potential to be of high relevance and informative
depth for policy makers, planners, researchers, professors, students, and conserva-
tionists. I want to extend my sincere congratulations to Dr. Tshewang, Ms. Morrison,
and Dr. Tobias and the Technical Expert Working Group representing various agen-
cies and the other individuals who contributed to the accomplishment of this won-
derful and vital book.

—

HE Lyonpo Yeshey Penjore
Minister for Agriculture and Forests
Royal Government of Bhutan
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Executive Summary

Located in the heart of the Eastern Himalayas, Bhutan practices the philosophy of
Gross National Happiness (“GNH”) that embraces environment conservation as one
of the main building blocks for its sustainable development goals. Bhutan’s conser-
vation strategy and success is largely driven by the strong political will and vision-
ary leadership of His Majesty the King of Bhutan. In addition, Bhutan’s Buddhist
perspectives on the respect for nature, and its strategic enforcement of a wide-rang-
ing stringent set of internal regulations and controls has also helped the country — as
an active member of the international community — to better fulfill the implementa-
tion of various multilateral environmental agreements. While it emerged into the
twenty-first century as one of the 36 global terrestrial “hotspots” in biological diver-
sity conservation ranks, Bhutan’s sheer commitment, with more than 51% of its
territory being managed under the explicit status of a protected area network and
more than 70% of the land under forest cover, is perhaps an “unconditional reality”
of its exemplary dedication to protect the planet despite its smallness in size and
economy. In the face of imminent severe threats of global warming, Bhutan repre-
sents the fact to the world that “a small country with a big conservation commit-
ment” can make an enormous contribution to the global community. The
Constitution of Bhutan mandates a minimum of 60% forest cover, while Bhutan
has also made a “bold” international commitment to remain carbon neutral at the
UNFCCC Conference at Copenhagen in 2009. At the regional level, Bhutan pro-
tects the Water Towers of Asia (that glacial expanse of the Himalayas) which are a
critical resource bulwark for one-fifth of the global population downstream in
South Asia. Such protections invariably help mitigate climate change by acting as a
nationwide carbon sink through its carbon-neutral policies. In short, Bhutan has
long represented one of the world’s foremost protectors of biodiversity conserva-
tion, ecological good governance, and societal sustainability at a period when the
world has entered the Anthropocene — an epoch of mass extinctions. Time is running
out for the world’s 233 nations to act wisely and quickly in accordance with the
unprecedented demands of a true global crisis. And any degree of complacency or
lack of continued fine-tuning can lead to setbacks, even failure in future progress,
and could even reverse some of Bhutan’s conservation achievements made thus far.
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Thus, in keeping with the overarching policy of GNH and the Bhutan 2020: A
Vision for Peace, Prosperity and Happiness initiative, the ACPB (Assessment of
Conservation Priorities for Bhutan) project provides an urgently needed overview of
holistic and multiple assessments and recommendations on the “state of the envi-
ronment” commitments and legal mandates and the nation’s Buddhist perspectives
on protection of nature inclusive of animal rights and adoption of nonviolent deploy-
able techniques for resolution of human-wildlife conflict. In fact, ACPB represents
a major attempt to assess threatened and endangered species, recognizing near-term
risks of extinction, and — quite importantly — the underrepresented or lessor-known
species and the Bhutanese conservation strategies required to keep such species
(previously under the scientific radar) from rising to the status of endangered, the
kind of research and policy recommendations that rarely surface in an era swept
over by so many other imperatives and wildfires.

The ACPB project productively engaged various communities across Bhutan and
a stellar Technical Expert Working Group (including 12 key collaborators) repre-
senting the various government agencies, nongovernmental agencies, monastic
bodies, individual scientists, and farmers for consultations and viewpoints for their
critical input into the project. In addition, at least 60 Key Informant Interviews with
the representatives of these agencies have taken place. A multidisciplinary analysis
of the various drivers and pressures on Bhutan’s natural environment and biological
diversity including the animals and crops has been deployed to developing protec-
tion and conservation strategies and policy responses. While the population increase
does not seem to be significant, the anthropogenic activities and the pressure includ-
ing extraction of natural resources such as timber and fuelwood, growing urban
areas, pollution and fossil fuels, waste generation, land use changes, hydropower
development, bio-invasive species, etc. are found to be on the increase across the
country. Even as a carbon-negative country, our assessments explicitly indicate that
the serious threats of climate change are looming large across the country with a
temperature rise of 1.3 °C over the last two decades, which is nearing the threshold
level of 2 °C rise above the preindustrial levels. Such unprecedented rise in tempera-
ture would pose uniquely perilous challenges in keeping up with its conservation
commitments because of its relatively low adaptive capacity and being one of the
least “developed” countries in the world. Over the recent years, associated with this
temperature rise, Bhutan has been experiencing the impacts of climate change
disasters like glacial lake outburst floods (the climate change “GLOF” effect), flash
floods, landslides, wind storms, forest fires, etc., and such adverse events have been
impacting this country mainly because of the pollution caused by the industrialized
nations. Thus, Bhutan is at a crossroads between its conservation commitments and
legacies and the myriad thrusts of economic development activities. While many
national adaptation and mitigation measures are implemented through various pro-
grams and institutional mechanisms, there is a need for climate change policy or a
climate white paper that provides a prudent and holistic approach toward making a
concerted effort in tackling climate change impacts in the country.

In the conservation worlds of animal welfare, animal protection, animal rights,
and animal liberation, the strong Buddhist belief of compassion toward all sentient
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beings practiced through liberation of lives (Tshethar) from slaughter and the com-
plete ban on the sale of meat during religious holidays all can most certainly be
replicated through similar legal briefs and consequent protection of animals in other
parts of the world. In that respect, Bhutanese biocultural values, the ecological sci-
ences, and their summary in ACPB support global awareness and advocacy along
the lines of Gross National Happiness that has been adopted by the General
Assembly of the United Nations in its resolution 66/281 of July 12, 2012, proclaim-
ing the 20th of March as the International “Day of Happiness” recognizing the very
relevance of “happiness” which this project also proposes. A Gross National
Happiness Index for Animals as a recommendation to be submitted for the celebra-
tion of animal rights and protection considerations is one of the cornerstones of the
ACPB report: a long-overdue, science- and ethics-based template for merging con-
servation biology, animal rights, and local, state, and transboundary conservation
policies. Some 182 member countries of the World Organisation for Animal Health
(“WOAH?”) prescribe an animal welfare index which is far from the ultimate real-
ization of real happiness in animals. And it is precisely for such organizations that
this radically new ACPB “GNH Index For Animals” concept may well exert impor-
tant traction, however incrementally. With due considerations of scientific animal
welfare standards prescribed by WOAH, integration of the Buddhist values of com-
passion and nonviolence toward animals (including the ban of slaughter on religious
holidays) with such scientific standards could have a much-needed meaningful pro-
vision for an effective animal welfare policy in Bhutan and beyond.

As in many other countries, human-wildlife conflict is increasingly becoming a
serious concern to Bhutan’s agriculture and livestock farming and the conservation
efforts. Deeply committed to animal rights and conservation biology, this project
recommends a set of best and safe nonviolent approaches to human-wildlife conflict
through an extensive global literature review, as well as the analysis of practical
experiences of many on the ground in Bhutan who have been interviewed. Empirical
evidence indicates that retaliatory actions using lethal weapons on some of the pred-
ators create societal interferences aggravating the human-wildlife conflict as dis-
cussed in the book. Thus, recommendations are proposed on safety approaches and
strategies, as well as an innovative approach using immunocontraceptive vaccines
(antifertility vaccine) for the population control of street dogs and wild animals that
would go a long way in the resolution of the conflict for a peaceful coexistence
between the humans and wildlife. Besides, the book recommends a human-wildlife
conflict policy of Bhutan that encompasses preventive and mitigation measures
required for the resolution of the conflict.

Because of global warming and so many cumulative pressures on the environ-
ment (described at great length in the ACPB book), an in-depth analysis of the
conservation status at the species levels of the Animalia and Plantae kingdoms in
Bhutan has revealed, among many other things, at least 70 vulnerable species, 43
endangered species, 21 critically endangered species, and 2 plant species that have
tragically gone extinct (including 1 species that has gone extinct in the wild). While
these accounts in Bhutan may seem insignificant in comparison with the global
extinction of some 946 species in Animalia and Plantae kingdoms, thus far, it should
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be a point of grave concern for the country, as the trend could continue as global
warming escalates.

Simultaneously, the taxonomic bias of underrepresented species in Bhutan has
been analyzed with the kingdoms Plantae, Animalia, Fungi, Chromista, Eubacteria,
Protista, and Archaebacteria in Bhutan currently revealing 5,369, 5,114, 690, 55, 18,
2, and 0 recorded species, respectively. Apart from the severe underrepresentation
of the species and the taxonomic bias in the kingdoms of Chromista, Eubacteria,
Protista, and Archaebacteria, the taxonomic data falls far short of accounting for the
likely full range of Bhutanese diversity even in the kingdoms of Plantae, Animalia,
and Fungi. Current international tabulations on species diversity - with the increas-
ing scientific convergence of consensus - suggests that the true quanta of taxa and
sub-taxa are greater than previously thought by possibly two magnitudes of ten, if
all seven kingdoms of life forms are extrapolated (far beyond the assessment infra-
structural capacity of the IUCN or any other global research bodies, let alone any
one nation). But the ethics and pragmatic mechanisms for safeguarding this fragile
and prolific biosphere require courageous new insights and grounded leaps of the
collective human imagination. As a matter of fact, the vast data gaps and underrep-
resentations of taxa under the kingdoms of Chromista, Eubacteria, Protista, and
Archaebacteria are the very biological preconditions for the viability of all inverte-
brates and vertebrates. Apart from the mega species that are iconic and keystone
species in food webs of the ecosystems, it is precisely these microscopic worlds
within worlds that are key to such areas as agriculture. For example, the symbiotic
fungi that form mycorrhizal relationships with botanical hosts, dependent upon the
vast array of native bacterial agents, are critical to most plant life on Earth.
Recognizing a nation’s biodiversity is the the first important step toward obtaining
all necessary legal protections for those taxa, and, hence, ACPB provides a series of
information on ecological significance, GIS maps, and habitats that can help accel-
erate the consolidation of data and disseminate its results in the most effective man-
ner in order to help species and habitats at risk.

Why then is all of this so important at this time? For generations, scientists have
been studying virtually every known organism on the planet. But only in this gen-
eration do they — and the general public and policy leaders — recognize that there is,
in fact, a biological ticking clock pertaining to climate change and the Anthropocene:
an epoch that is tantamount to the sixth extinction spasm in the annals of biology in
the 4.2 billion years of organic evolution on Earth. We are all interdependent. Our
health depends upon the health depends upon the wellbeing of every single organ-
ism, most of which (particularly microbiota) have been ignored or taken for granted
or are subject to only the most specialized scientific and medical scrutiny. In fact,
biomedical advances now represent the largest area of critical new research in the
health sciences. Yet, only a small cadre of geneticists and molecular biologists
working on new genomic advances and pharmaceutical breakthroughs pertaining to
human health have shown intense interest, with public/private sector financing, in
the value of these microscopic creatures. Indeed, bacteria, algae, phytoplankton,
etc. —these are the real engines of life, of evolution, of our survival and the survival
of the entire biosphere. We ignore them at our peril. ACPB endeavors to diagnose
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such issues and intellectual disparities, by presenting preliminary data and scientific
literature review — to the extent that it exists — on Bhutanese species in the global
context.

In view of the tremendous ecological significances and multiple socioeconomic
benefits including food security, biomedical research, clean water, and environment,
ACPB proposes concrete and exhaustive recommendations for conservation strate-
gies of the critically endangered species, endangered species, and underrepresented
species, inclusively, to halt the extinction crisis on this one planet we all share. In a
shared landscape at the foothills of the Eastern Himalayas, endowed with tremen-
dous biological diversity and natural resources, transboundary conservation pro-
grams at the international border areas could be effective and promising to halt the
decline of the threatened species and ecosystems and begin with restoration effort.
As a major policy intervention for the protection of critically endangered, endan-
gered, and vulnerable species, the “Endangered Wildlife Act” of Bhutan could pro-
vide a strong legal protection as some of these species may not be receiving legal
protection under the current national legislations.

As the most underrepresented species in the kingdoms comprise microbes, and
given their tremendous potential for biotechnological applications, a repository of
microbial culture as a gene bank is being proposed due to the possible threat of
climate change and commercial agriculture using pesticides. Because of the mod-
ernization of agriculture and monoculture of crop seeds, coupled with climate
change impacts, the preservation of crop genetic resources as “Black Box” in
secured locations of Himalayan glaciers under permafrost conditions would be the
greatest source of hope for food security and posterity in this epoch of Anthropocene
and in light of frequent attacks by natural calamities.

On the whole, the ACPB project in the environmental sector is considered very
timely as the Bhutan 2020 document with the vision of peace, prosperity, and hap-
piness needs to be updated by year 2021.



Biodiversity Terms

Vascular plants

Ferns

Liverworts and hornworts

Mosses

Algae

Green algae

Plants possessing well-developed conducting tissue
for the transport of water, mineral salts, and sugar.
http://www.mondofacto.com/dictionary/contents/
biology.html

Asexual plants that bear minute spores on the back of
the fronds or leaves. They usually grow in humid soil,
sometimes epiphytically on trees, and in tropical cli-
mates. http://www.mondofacto.com/dictionary/con-
tents/biology.html

Liverworts and hornworts are flowerless plants that
produce spores in capsules. https://www.anbg.gov.au/
bryophyte/

Mosses are flowerless plants with fruits containing
spores. The diverse species of mosses grow in various
places including on rocks and tree trunks and in run-
ning water. http://www.mondofacto.com/dictionary/
contents/biology.html & https://www.anbg.gov.au/
bryophyte/

The algae group consists of Rhodophyta (red algae),
Chlorophyta (green algae), Phaeophyta (brown algae),
and Chrysophyta (diatoms). They propagate spores;
are unicellular or not differentiated into root, stem,
and leaf; and generally contain chlorophyll. This
group includes seaweed in addition to numerous
freshwater plants. http://www.mondofacto.com/dic-
tionary/contents/biology.html

Green algae is the most diverse group of algae. It con-
tains photosynthetic pigments similar to those found
in higher plants. http://www.mondofacto.com/diction-
ary/contents/biology.html & https://ucmp.berkeley.
edu/
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Brown algae

Eubacteria

Cyanobacteria

Chromista

Diatoms

Protista

Plasmodium

Mammals

Biodiversity Terms

The largest of the chromists, with the largest brown
algae reaching over 30 meters in length. This algal
group includes large seaweed genera such as
Laminaria (kelp) and Fucus. http://www.mondofacto.
com/dictionary/contents/biology.html & https://ucmp.
berkeley.edu/

Eubacteria is one of two subdivisions of the prokary-
otes (the other being Archaebacteria). The diverse
range of organisms in this group live in varying envi-
ronments and fulfil a multitude of roles: they may be
disease causing, anaerobic, autotrophs, or vitall for
nutrient cycling in ecosystems. http://www.mondo-
facto.com/dictionary/contents/biology.html & https://
ucmp.berkeley.edu/

Also known as blue-green algae, they are aquatic,
photosynthetic bacteria that are usually unicellular
and grow in visible colonies. https://ucmp.berkeley.
edu/

Chromista is a kingdom-level taxon that consists of
mostly photosynthetic organisms, some of which
(such as kelp) play vital roles in aquatic ecosystems.
https://ucmp.berkeley.edu/

Diatoms are unicellular, photosynthetic, aquatic
microorganisms found in abundance in both marine
and freshwater ecosystems. They are an important
food source for marine organisms. https://ucmp.
berkeley.edu/

A kingdom consisting of eukaryotes that do not fall
into the other three kingdoms: animals, plants, and
fungi. This taxon is extremely diverse and includes
amoebae, algae, and slime molds. https://ucmp.berke-
ley.edu/

Plasmodium are slime molds that are extremely large
single cells with thousands of nuclei. Slime molds live
in moist, terrestrial habitats, such as on decaying
wood or fresh cow dung. https://ucmp.berkeley.edu/,
Representing the highest class of Vertebrata, mam-
mals have hair, and are warm-blooded, and mamma-
lian young are initially fed milk (or an analogous
fluid) secreted by the mammary glands of the mother.
http://www.mondofacto.com/dictionary/contents/
biology.html
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Biodiversity Terms

Diptera

Hemiptera

Isoptera

Orthoptera

Plecoptera

Hymenoptera

Coleoptera

Lepidoptera

Arthropoda
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An order of insects, the “true flies,” which have one
pair of functional wings and a pair of hind wings that
have evolved into balancing organs called halteres.
Their mouthparts have been modified for sucking or
piercing, and this group includes flies and mosquitoes.
https://ucmp.berkeley.edu/ & https://www.amentsoc.
org/

Also known as “true bugs,” they all have piercing
mouthparts contained in a beak (or rostrum), which
they use to suck fluids (usually) from plants. This
order includes aphids, cicadas, and scale insects.
https://ucmp.berkeley.edu/ & https://www.amentsoc.
org/

An infraorder under the order Blattodea consisting of
termites — insects that live in social groups and have
strong biting mouthparts to chew through seeds,
wood, or leaves. https://www.amentsoc.org/. The
Order Insect, and forming part of the Blattodea.

An order of insects including grasshoppers and crick-
ets that often possess large hind legs used for jumping.
Many species have the ability to “sing” by rubbing
their legs together or against the side of their bodies.
https://www.amentsoc.org/

This order includes stoneflies, a small group of aquatic
insects which as adults resemble lacewings, but are
more closely related to mayflies. https://www.ament-
soc.org/

A large order of insects including bees, ants, wasps,
and sawflies. Some species are very social, and this
group also includes important pollinators of flowering
plants. https://ucmp.berkeley.edu/ & https://www.
amentsoc.org/

The largest order of insects globally, comprising bee-
tles and weevils. https://www.amentsoc.org/

An order of insects that include butterflies and moths.
They undergo complete metamorphosis, from ova
(egg), from which emerge larvae (caterpillars), to qui-
escent pupae, from which emerge the winged adults.
https://www.amentsoc.org/

A phylum of invertebrates with a joined exoskeleton.
This group includes arachnids, crustaceans, and
insects. https://www.amentsoc.org/
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Odonata

Nematoda

Mollusca

Fungi

Herpetofauna

Biodiversity Terms

This order, comprising some of the most ancient and
largest flying invertebrates ever to have inhabited the
planet, includes dragonflies and damselflies. https://
ucmp.berkeley.edu/ & https://www.amentsoc.org/,
Nematodes or roundworms can be found almost any-
where on Earth, including soils and sediments, plants,
animals, ice, and hot springs. https://ucmp.berkeley.
edu/

One of the most diverse divisions of the animal king-
dom with soft bodies that are generally covered by a
hard exoskeleton. It includes organisms such as snails,
octopuses, squid, clams, and oysters. https://ucmp.
berkeley.edu/

Fungi feed by absorbing nutrients from their sur-
rounding environment, reproduce through spores, and
play a vital role in their symbiotic relationship with
plants, assisting plants to acquire water and nutrients
from the soil. https://ucmp.berkeley.edu/

A term used to classify amphibians and reptiles
together. Herpetofauna are ectotherms and most lay
eggs, although some give birth to live young. https://
ucmp.berkeley.edu/


https://ucmp.berkeley.edu/
https://ucmp.berkeley.edu/
https://www.amentsoc.org/
https://ucmp.berkeley.edu/
https://ucmp.berkeley.edu/
https://ucmp.berkeley.edu/
https://ucmp.berkeley.edu/
https://ucmp.berkeley.edu/
https://ucmp.berkeley.edu/
https://ucmp.berkeley.edu/

Definition of Land Cover Classification

Forest

Blue pine forest

Chir pine forest

Mixed conifer forest

Fir forest

Alpine scrub

Forest means land with trees spanning more than 0.5
hectare and higher than 5 meters and a canopy cover
of more than 10%. It does not include land that is
predominantly under agricultural or urban land use
(National Forest Policy of Bhutan, 2011).

Consists of pure or dominant stands of blue pine,
usually at an altitude between 1500 masl and 3200
masl. Smaller areas of mixed conifers and broadleaf
forests may occur interspersed in the blue pine map-
ping unit, but because of their small areas, they are
often left unrecorded.

Consists normally of pure stands of chir pine, usually
at altitudes between 700 masl and 2000 masl at rela-
tively dry areas. However, in depressions and water
courses, broadleaf forests might occur, but these
areas are usually small and included within the chir
pine mapping unit.

Includes mixed stands of spruce, hemlock, juniper,
fir, larch, taxus, and blue pine. Some broadleaf inclu-
sions are also common particularly oaks, rhododen-
dron, maple, and birch. It usually occurs between
2500 masl and 3500 masl.

Consists either of largely pure stands of fir or few
stands of other species such as junipers, taxus, and
larch. This category occurs mostly above 3000 masl.
Woody plant characterized by stunted growth (height
less than 5 meters) due to harsh conditions. They are
found at higher elevation above 3500 masl close to
tree line. Predominant species include dwarf rhodo-
dendrons and junipers.

XXV



XXVi

Shrubs

Meadows

Cultivated agricultural land

Chhuzhing
Kamzhing
Orchards

Built-up areas

Non-built-up areas

Water bodies
Lakes

Rivers

Snow and glaciers

Moraines

Scree

Landslide

Rocky outcrops

Definition of Land Cover Classification

Perennial plants with a persistent and woody stem
without any defined main stem with height less than
5 meters. It also includes abandoned agricultural
fields with overgrown bushes and other regenerations
in disturbed areas.

Include any areas dominated by grasses or any herba-
ceous plant without or with few scattered trees or
shrubs on them. It occurs at all elevations, but is rela-
tively more common at higher elevations.

Includes only those agricultural lands that are culti-
vated at the time of land cover assessment. It is fur-
ther divided into subclasses.

Irrigated and/or bench-terraced agricultural land for
paddy-based cropping systems.

Cultivated rain-fed areas (dry land). Some Kamzhing
lands have a certain level of land shaping.

Refer to planted fruit-bearing trees like apple, orange,
areca nut, etc.

Include artificial constructions covering the land with
an impervious (e.g., concrete, CGI sheet, thatch) sur-
face. It includes airports, rural settlements, urban
areas, schools and institutes, industrial areas, hospital
premises, sewage treatment plants, sports and leisure
facilities, and roads.

Absence of the original (semi-) natural cover mainly
due to anthropogenic factors. It includes waste dump
sites, mines, stone quarries, and other extraction
sites.

Natural and artificially created water bodies. It is fur-
ther divided into two subclasses.

Areas of perennial and natural water surrounded by
land. It includes both natural and manmade.
Perennial flow of water and the riverbeds. It also
includes artificially constructed reservoir (dam)
along the course of perennial rivers.

Includes both perpetual and seasonal snow cover and
glaciers.

Mass of rocks and sediments carried down and
deposited by a glacier typically as ridges at its edges
or extremity.

Mass of small loose stones that form or cover a slope
on a mountain.

Includes mass movement of soil debris due to gravi-
tational force triggered by other factors such as rain-
fall and earthquakes.

Rocky outcrops refer to natural cliffs and rocky areas.



List of Consultations for the ACPB

b=

WA

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

HE Lyonchen (Dr.) Lotey Tshering, Honorable Prime Minister of Bhutan

HE Lyonpo Sonam Tobgay, former Chief Justice, Supreme Court of Bhutan
HE Lyonpo Yeshey Penjore, Honorable Agriculture Minister of Bhutan

Dasho Rigzin Dorji, Honorable Secretary, Ministry of Agriculture and Forests
of Bhutan

Dr. Karma Rinzin, Specialist, Dog Population Control — DOL, MOAF

Dr. Kinley, Executive Director, RSPN, Thimphu

Dr. M. P. Timshina, Adviser, DOL, MOAF

Dr. N. K. Subha, Specialist, NCAH, DOL, MOAF

Dr. Pema Chophyel, CEO, Bhutan Trust Fund for Environment Conservation,
Thimphu

. Dr. R. B. Gurung, PD, NCAH, DOL, MOAF

. Mr. Sangay Dorji, In-Charge HWC, NPPC, DOA, MOAF

. Dr. Tashi Samdrup, Director General, DOL, MOAF

. Dr. Tashi Yangzom, PD, NBC, MOAF

. Dr. Thinley, Ex-specialist, NPPC, DOA, MOAF, Bhutan

. Executive Director, Jangsa Animal Saving Trust

. Lam Yeshey, Abbot of Paro Taktsang, Bhutan

. Mr. Ashley Brooks, Lead, Habitat Human-Wildlife Conflict, WWF — Tigers

Alive

Mr. Choki Gyeltshen, Botanist/Biodiversity Information Officer, NBC
Mr. Dawa Norbu, Jangsa Animal Saving Trust, Thimphu

Mr. Dawa Penjore, PD, NMC, Serbithang

Mr. Dawa, Royal Botanical Garden, Serbithang

Mr. Dechen Dorji, Country Representative, WWF — Bhutan

Mr. Duptho Rapten, Shangrila Travels

Mr. Jamyang, Chief Analytical Officer, BAFRA, MOAF, Bhutan

Mr. Jigme Wangyel, Territorial Forest Division, Haa

Mr. Karma Lhuendp, CEO, Jangsem Menday

Mr. Karma Yeshey, Forester, Wangchuck Centennial National Park, DoFPS,
MOAF

XX Vil



XXViii List of Consultations for the ACPB

28.
29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.

41.
42.
43.

44.
45.

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

Mr Kesang Chhophyel, Jangsa Animal Saving Trust, Thimphu

Mr. Kinley, Social Forestry Division, DoFPS, MOAF

Mr. Kinzang Namgay, Samrang Dairy Farm, DOL, MOAF

Mr. Kinzang Dorji, IT Officer, BDBL, Bhutan

Mr. Kuenzang Dorji, CEO, Bhutan Visit

Mr. Pasang Wangchen, Adviser to the Department of Forest & Park Services,
Bhutan

Mr. Pema Khandu, Marketing Officer, BDBL, Thimphu

Mrs. Rinchen Yangzom, Head of National Herbarium, NBC, Serbithang

Mr. Rinchen Dorji, Biodiversity Officer, NBC, Serbithang

Mr. Sangay Dorji, National Plant Protection Center, DOA, MOAF

Mr. Sangay Tempa, Statistician and Demographer, Bhutan

Mr. Sithar Tenzin, WWF — Bhutan

Mr. Sonam Ganzin, Ex-personal secretary, Office of His Majesty’s
Representative, Tashichho Dzong, Bhutan

Mr. Tashi Norbu Waiba, Sr. Forest Officer, DoFPS, MOAF

Mr. Tenzin la, Sr. Technician, NCAH, DOL, MOAF

Mr. Tshencho Tshering, Sr. Ranger, Animal Rescue Center of Bhutan, DoFPS,
MOAF

Mr. Ugyen Phuntsho, NBC, Serbithang

Mr. Ugyen Tshering, Park Manager, Jomotshangkha Wildlife Sanctuary,
DoFPS, MOAF

Mrs. Yeshey Dema, PD, NPPC, DOA, MOAF

Mr. Yonten Gyamtsho, Chief Marketing Officer, DAM, MOAF

Mrs. Rinchen Yangzom, NBC, Serbithang

Mrs. Sabitra Pradhan, NMC, Wangchuk Taba

Mrs. Tshewang Dema, Technician, NCAH, DOL, MOAF, Serbithang

Ms. Tshering Yangchen, Toronto School of Management Studies, Canada

Ms. Yangchen Choden, Lady Shri Ram College for Women, New Delhi

Ms. Yshey Dem, PD, National Plant Protection Center, DOA, MOAF, Bhutan
Park Manager, Bumdeling Wildlife Sanctuary, DoFPS, MOAF

Park Manager, Jigme Dorji National Park. DoFPS, MOAF

Park Manager, Jigme Khesar Namgyel Wangchuck Reserve, DoFPS, MOAF
Park Manager, Jigme Singye Wangchuck National Park, DoFPS, MOAF

Park Manager, Phibsoo Wildlife Sanctuary, DoFPS, MOAF

Park Manager, Royal Manas Park, DoFPS, MoAF

Park Manager, Sakteng Wildlife Sanctuary, DoFPS, MOAF

Park Manager, Wangchuck Centenial Park, DoFPS, MOAF



Technical Expert Working Group for the ACPB
Project

NN B D=

—_ = =
P — O O

Dr. Ugyen Tshewang, Lead Scientist, ACPB Project, Bhutan

Mr. Vijay Moktan, Director, WWF — Bhutan

Mr. Sonam Wangdi, Head/Chief Forestry Officer, NCD, DOAF, MOAF, Bhutan
Mr. Nawang Norbu, Executive Director, BES

Mrs. Tashi Payden Tshering, Executive Director, RSPCA, Bhutan

Mrs. Rinchen Yangzom, Head, National Herbarium, NBC, MOAF

Mr. Letro, Sr. Forest Officer, NCD, DoFPS, MOAF

Mr. Sherub, Specialist, UWICER, MOAF

Mr. Ngawang Gyeltshen, Sr. Forestry Officer, NCD, DoFPS, MOAF

. Mr. Kencho Dorji, Biodiversity Officer, National Herbarium, NBC, MOAF
. Mr. Choki Gyeltshen, Biodiversity Officer NBC, MOAF
. Mrs. Rinchen Wangmo, St. Research Officer, RSPN.

XXiX



Contents

1 State of Environmentin Bhutan .................... ... ... .. 1
Overview of Bhutan . ......... ... .. .. .. .. .. . . 1
Ecological Zones and Climatic Features. . . ...................... 4
LandUseinBhutan ......... ... ... .. .. .. ... .. ... . ... 5
Conservation Efforts and Protected Area Systems . .. .............. 7
Conservation Laws and Policies. .. ............. ... ... .. ...... 13
Assessment of Non-protected Area. .. ...............ooniinon... 14
Sustainable Forest Management Plans in Non-protected Area. . . . .. .. 15
Scientific Forest Management. . .. .................oooiinaon... 16
Community Forest Empowerment .. ........................... 16
Non-wood Forest Product (NWFP) Management ................. 17
Plantation and Reforestation Programs. .. ....................... 18
Keystone Species and Conservation Areas. . ..................... 18
ANNEXUIES .« . oottt e ettt e e e e e e e 20

Annexure 1.1: Classification and characteristics of vegetation

zones in Bhutan (Grierson & Long, 1983,see 19) . .............. 20

Annexure 1.2: Description of Classification of Land Cover

Class and Sub-Class in Bhutan (See 20). .. .................... 22
References. . ... ... 23

2 Drivers and Pressure on the State of Environment in Bhutan . . . . . 25
Background. . ... ... 25
Mlegal ACHVILIES . . ..ottt e 26
Land Use. . ..ot 28
Hydropower Projects. .. ... i 29
FarmRoads. . ... .. ... 31
Mining and Mineral Development . ............................ 33
Land Use for Agriculture . ........... .. .. .. ..., 35
Chemical Pesticides and Fertilizer . ... .......... ... ... .. ...... 36
Waste Management. .. ...ttt 38
Fuel Wood Consumption. . .. ...t 40

XXXI



XXXii Contents

Timber Production ....... ... .. .. .. i
Forest Fires . ... ..o
Livestock Grazing. . ...t
Air Pollution and Fossil Fuels. .. ........ ... .. .. . . .. . ...
Demographic and Poverty Factors .. ........ ... .. . ... ... ...
Invasive Alien Plant Species. . ........ .. ... . i,
Climate ChangeinBhutan . ........ .. .. ... .. .. . .. .. ... ...
Annexure 2.1: List of Invasive Species in Bhutan . ................
References. . ...

3 Non-Violent Techniques for Human-Wildlife Conflict

Resolution .. ........ ... ... ... ... .. ..
Contextual Framework Withinthe ACPB..................... ...
Methodology . . ..o v
Global Context of HWC . . ... ... . .
Conflict Management Strategies. .. ...
Retaliatory Actions and Violent Approaches .....................
Lethal Control — Counterproductive. . .............c.oovenenon...
From Conflict to Co-eXiStence .. ...........oouiuinvunenenen ..
Safe and Non-violent Approach .. ........ ... ... .. ... ... .. ..
Human-Wildlife Conflict Policy . . .............. ... ... ... ....
Implementing Agencies for HWC ... ... ... .. ... ... ... ...
Non-violent Preventive Measures. . .. ...,
Immuno-contraception for Population Control. . ..................
Translocation of Problem Animals . ............................
Alternative Livelihoods. . .. ..... ... ..
Land-Use Planning and Landscape Management. . ................
Mitigation Measures . . . . ..o.vuvtn ittt
ComPenSAtioN . . ..o\ttt e
Insurance Schemes .. ........ ... ... .. . L i
Performance Payments . . ......... ... . ... .. i i
Ecotourism and Revenue Sharing. . ............ ... .. ... ....
Community Education .......... ... .. . . .
Understanding the Conflict Profile . . .. ...... ... .. . ... ... ...
Reporting. . .. ..o
Information Compilation, Managementand Use . . ................
Response Measures Taken to Alleviate a Specific or Ongoing
HWCIncident. ....... ... .. i
Monitoring and Evaluation — Measuring the Performance of HWC
Management . .. . ...t
Human-Wildlife Conflictin Bhutan . .. ...... ... .. . ... ... ...
Underlying Forces of Human Wildlife Conflicts in Bhutan . . ..... ...
Current HWC Situationin Bhutan .. ........ ... .. . ... .. ...
Preventive Measures . . .........ouuiiniiniiiiii
Mitigation Approachin Bhutan .......... ... .. .. . ... ... ...
Strate@ic OULCOMES . . . ¢ . vt vttt e et e e

41
43
45
49
53
56
58
64
66

71
71
73
75
78
79
82
83
84
85
86
87
91
93
93
94
95
95
97



Contents XXXiil

Effective Monitoring and Evaluation . .......................... 113
Results and Recommendations. . ........... .. .. .. . .. .. ... ... 114
SafeOutcomes . ............ i 114
Conflict Elements . .. ... i 116
Non-violent and Safe Approach . .......... ... ... .. ... .. .... 117
Institutional Arrangement. . ............. . i 118
Human-Wildlife Conflict Policy & Legislation . .................. 119
Coping Techniques and Mechanisms .. ............. .. .. ... ..... 120
Hotspot Mapping . .. ..ottt e e 122
Physiological Sterilization of Wildlife . ...................... ... 122
Innovative Research Fund for Farmers. .. ........ ... ... .. ... ... 124
Economic Responses to HWC . ....... ... .. ... . ... ... 125
Alternative Livelihoods. . .. ..... ... .. 125
Regional Transboundary Conservation. . ........................ 126
ANNEXES. « o v vt v ettt e e e e e 127
Annexure 3.1: Indicators of the strategic outcomes
of people, wildlife, assets and habitat. . .................... ... 127
Annex 3.2: Criteria used to determine strategic outcomes. ........ 128
Annex 3.3: Criteria SCOTeS. . ..o vv vttt 142
Annex 3.4: Criteria within each element scoringonly lor2....... 144
References. . ... 145
4  Animal Rights and Protection . . . ...................... ... ... 155
Animal Ecology and Human Interactions. .. ..................... 155
Buddhist Perspectives and Conservation Biology ................. 163
Bhutanese Buddhism and the Segue to Contemporary
Animal Protection Policies. .. ........ .. ... .. .. . . 166
National Law and Buddhist Ethics . .. .......... ... .. ... .... 167
State Monastic Body. . ........ .. .. . . 169
Non-governmental Organizations (NGOs) .. ..................... 170
Tshethar (Life-Saving) Practices .. ............ ... ... .. .... 172
Animal Health and Rescue Centers . ............ ... .. ... 173
Farming Systems and Livestock Population. ..................... 174
Meat Consumptionin Bhutan. .......... ... .. .. . ... ... ... 176
Discussion and Recommendations on Animal Protection
and Animal Rights. .. ... ... . 184
Animal Protection Policy of Bhutan. . ........................ 184
Population Control of Livestock Animals. . .................... 185
Institutionalization and Implementation Arrangement. . .......... 185
Monitoring and Implementation. ................. ... ... .... 186
Dog Population Control ........... ... .. .. . ... 187
GNH Index for Animal Kingdom . ................. ... ... ... 189

Annexure 4.1: God’s Country: The New Zealand Factor,

by Michael Charles Tobias and Jane Gray Morrison,

Dancing Star Foundation, 2010 .......... ... .. .. . .. .. ... ... 190
References. . ... 194



XXXIV Contents

5 Gap Analysis of Threatened, Rare, and Under-Represented

SpeciesinBhutan .......... ... ... ... ... ... i 199
Introduction. . ........ ... . 199
Impacts of Extinction of Species ........... ... .. . .. .. ... ... 203
Taxonomic Classification: Seven Kingdoms Model. . .............. 205
ODbJECHIVES . . o v vttt e e e e e 205
Methodology . . ... oo 205
Assessment of Under-Represented Species in Kingdoms ........... 206
Under-Represented Species in Classification of Groups ............ 208
Records of Species Groups Under Animalia Kingdom ............. 209
Vertebrates. .. ... 211

Mammals. . . ... 211

Birds .. ... 211

Amphibians and Reptiles .. ........ .. ... .. .. .. 212

Fish oo 212
Invertebrates (Without Insects). ............. ... ... ... 212

INSeCts . . oot 213
Species Groups Under Plantae Kingdom .. ...................... 214
Tracheophytes. .. ... ..ot e 215
Chromista Kingdom . .. ... . . 216
Fungi Kingdom. . ...... .. .. . 218
Protista Kingdom . ... ... .. ... 220
Eubacteria Kingdom . . ....... ... .. . . 222
Archaebacteria Kingdom ........ ... .. ... .. .. . . 223
Assessment of Threatened Species. ... ........ .. ..., 223
Conservation Status of FishinBhutan . ............ .. ... ... ... 225
Threatened Endemic Plants in Bhutan .. ........................ 227
Medicinal Plant Species . .. ... 227
GIS Maps for Distribution Profile of Threatened Species ........... 228
Discussion and Recommendations . . .. ........ .. ... .. .. ... ..... 267
ANNEXUIES . . . oottt 270

Annexure 5.1: List of Threatened Species of Plants

(TUCN Status-2019) . ..ot e 270

Annexure 5.2: List of Threatened Species of Mammals

in Bhutan (JUCN Status-2019) . ... ... . i 271

Annexure 5.3: List of Threatened Species of Birds

in Bhutan IUCN) —2019NBC ......... . ... ... 272

Annexure 5.4: List of Threatened Fish Species ................. 273

Annexure 5.5: List of Threatened Amphibian

and Reptile Species. . ... 274

Annexure 5.6: Monotypic Species of Seed Plants Under

Each Class, Order, Family, Genus and Species ................. 274

References. . ... .. e 276



Contents

6  Conservation Strategy of Threatened and Under-Represented
Mammalian Species .. .......... ... ... ...
Landscape Conservation Approach. .. ........... ... .. . .. ....
Mammalian SPecies . .. ..... ..ttt
Chinese Pangolin (Manis pentadactyla) Conservation. .. ...........
Recommendations for Conservation Strategies . ..................
Pygmy Hog (Sus salvanius) Conservation . ......................
Recommendation for Conservation Strategy of Pygmy Hog
(Sus salvanius) .. ....... .. e
Alpine Musk Deer (Moschus chrysogaster) and Himalayan
Musk Deer (Moschus leucogaster) Conservation. . ................
Recommendations for Conservation Strategy of Musk Deer.........
Dhole (Cuon alpinus) Conservation Strategy . . . .. ................
Recommendations for Dhole Conservation Strategy ...............
Golden Langur (Trachypithecus geei) Conservation Strategy . .......
Recommendation for Conservation Strategy of Golden Langur ... ...
Conservation of Arunachal Macaque (Macaca munzala). .. .........
Recommendations for Conservation Strategy of the Arunachal
Macaque . ... ..o
Conservation of Hispid Hare (Caprolagus hispidus) . ..............
Recommendations for Conservation Strategy of the Hispid Hare . . . . .
Conservation of Hog Deer (Axis porcinus). . ........... ... ... ...
Recommendations for Conservation Strategies of the Hog Deer. . . . ..
Wild Water Buffalo (Bubalus arnee) Conservation ................
Recommendations for Conservation Strategies of Wild
Water Buffalo . ...... ... ..
Discussion on Conservationof Bats. . ........... .. ... .. ... ...
Recommendations for Conservation Strategy of Bats ... ...........
References. . ...

7  Conservation of Threatened and Under-Represented

Speciesof Plants ... ........ ... ... .. .. ... .. . ..
Endemic Plant Species . ........ .. ... i
Monotypic Plant Species. . . ........ ...
Discussion on Threatened Orchids . . ........ ... .. . ... ... ...
Critically Endangered Flowering Plants. . .......................
Endangered Flowering Plants . . . ........ .. .. .. ... .. . .. ....
Recommendations for Conservation Strategy of Plant Species . . ... ..

In Situ Conservation . .. .........outniniini i

Ex Situ Conservation .. ............ouitiininininnninan...
Conservation of Bryophytes .. .......... ... .. .. . i
Ecological Significance of Bryophytes. .........................
Economic Uses of Bryophytes . ......... .. .. .. . . ...
Medicinal Use of Bryophytes. ........... ... . ot
Bryophytes as Pollution Indicators. . ............ .. ... .. ... ...

XXXV



